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Sean Sanders: Hello everyone and a welcome to this Science/AAAS webinar, "Improving Characterization of Monoclonal Antibodies: Making a Better Biotherapeutic". I'm glad you could join us today. My name is Sean Sanders and I'm editor for custom publishing at Science.
In today's webinar, we're going to be discussing methods for analysis and characterization of recombinant proteins, in particular, monoclonal antibodies. This work has historically been labor-intensive and timeconsuming, but recent technological advances particularly in microfluidics and high throughput automated platforms have eased this bottleneck.
The use of microfluidics analytical platform such as microchip capillary electrophoresis have greatly increased the efficiency and reproducibility needed for analyzing proteins intended for therapeutic use. To help us better understand this topic, I have two excellent speakers eager to share their knowledge and experience with you.
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You might have noticed we have a slight change in the lineup for this webinar. Unfortunately, Dr. Winkhaus from Roche could not join us today, but we're fortunate to have Dr. I-Jane Chen from PerkinElmer in Hopkinton, Massachusetts who will be filling in for her. Dr. Chen will be joined by our other speaker for today, Ms. Niomi Peckham from Alexion Pharmaceuticals in Chesire, Connecticut. Thank you both so much for being with us today.
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Before we get started, I'd like to share some information for our online viewers. At the top right of the screen, you'll find photos of today's speakers and a "View Bio" link, which you can click on to read more details about their background and research.
Underneath the slide viewer is the "Resources" tab where you'll find additional information about technologies related to today's discussion and a link to download a PDF of the slides.
After the speaker presentations, we'll have a short Q&A session, during which they will address some of the questions submitted by our live online viewers. So if you're joining us live, start thinking about some questions now and submit them at any time by clicking the "Ask a Question" button at the bottom of the slide window and typing your question into the message box, and then clicking the "OK" button.
You can also log in to your Facebook, Twitter, or LinkedIn accounts during the webinar to post updates or send tweets about the event. Just click the relevant icon at the top right of the screen. For tweets, you can add the hashtag #sciencewebinar. Finally, thank you to PerkinElmer for sponsoring today's webinar.
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Now, I'd like to introduce our first speaker, Ms. Niomi Peckham.
Ms. Peckham has been with Alexion Pharmaceuticals since 2003 and is presently a scientist in the analytical sciences division where she develops and validates methods for protein analysis as well as researching and evaluating new methodologies for use in the lab.
Prior to this position, Ms. Peckham worked at Pfizer and Enzo Diagnostics. Her training was at the University of Connecticut for her undergraduate degree in biology/biotechnology, and the State University of New York for her Master's in molecular and cellular biology.
A very warm welcome to you, Ms. Peckham.
Ms. Niomi Peckham: Thank you very much, Sean. Today, we'll be talking about N-linked oligosaccharide profiling and exoglycosidase sequencing using a lab-on-achip format.
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Now, as we're here talking about ways to improve characterization of biotherapeutics and monoclonal antibodies in particular, we know that some of the most significant post-translational modification found on antibodies are glycans, and there are two major types, N-linked and O-linked. As the O-linked are relatively rare, we're going to confine our talk today to the N-linked glycan.
Slide 5
Now, there are three major types of N-linked oligosaccharides that you'll find on monoclonal antibodies. We have the complex type, which would be the highly branched nanostructure. We have the biantennary, which is the type that I've shown here in this schematic, and then we have the hybrid, which has a combination of the two. Now, there are many sources of heterogeneity that can be found in oligosaccharides. We have many factors contributing to that, including the presence of a bisecting GlcNAc, the degree of galactosylation, sialylation/fucosylation, and also high mannose structures.
Now, all of these modifications have impact on the bioactivity or pharmacokinetics or immunogenicity, and this is why we're concerned about them and need to understand and characterize them well on molecules we have in development.
[0:05:02]
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So here, I've shown probably the most common N-linked oligosaccharide structures that we encounter working in monoclonal antibodies. We have the G2F, G1F, G0F, MAN5, and often we see biantennary hybrids like G0F-GN.
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The work that I've done was all done on the Caliper, now PerkinElmer LabChip GXII, which is essentially Microchip CE. Now, this instrument can be used for separating DNA, RNA, protein, or glycans. In our labs, we use it for all of the above.
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The assay that we used was the Caliper ProfilerPro Glycan Profiling Kit. Now, this assay is analogous to an HPLC like in a 2AB-labeled HPLC separation, or like a CE Glycan Profiling assay. We found that this assay is an excellent complement to MALDI-ToF-MS in terms of mass profiling.
The assay itself was developed specifically for N-linked neutral glycan and it measures the relative amount of these N-linked neutral glycans.
As a side note, we do estimate the limit of quantitation for this assay to be approximately 1%. The assay is high throughput. Reagents are prealiquoted into a 96 well plate, which we found to be very convenient for us.
The sample requirements are very minimal, as little as 10 mL, and we found that we can use one step purified samples, meaning just Protein A, provided they'd been neutralized. We found excellent results really from 7 mg/mL down to 2 mg/mL, but we typically normalize to 5 mg/mL.
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The method itself begins with denaturation of protein with SDS-βME and heat, and then utilize with PNGase to remove the N-linked glycan, PNGase specifically cleaving that N-acetyl glucosamine-asparagine linkage.
It's then necessary to label the glycans with the fluorophore as glycans don't have a chromophore on their own, and this is required through visualization. That is accomplished through a reductive amination. We can then separate the labeled glycans electrophoreticaly by size on a chip and detect them by laser-induced fluorescence.
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This is the workflow of the glycan assay and it's suffice to say that we typically run our samples in duplicate, and this high throughput format allows us to analyze 45 samples in less than six hours.
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I want to show you what kind of resolution we are able to achieve with this system. These are electropherograms showing in the first panel our typical monoclonal antibody standard mix where we have MAN5, G0F, G1F and G2F, and we're actually able to achieve separation of the two forms of G1F. I've also shown overlays of the high mannose standards that we also commonly employ, MAN5, 7, 8, and 9.
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For a typical mAb that we're working with --we'll call this mAb #1 --this is a typical electropherogram with the various forms that we normally see. I've just indicated their structures here as well and we have very good resolution between the various forms.
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We have several other mAbs in development that have very similar profile. We generally are working with antibodies expressed in CHO and the profiles do tend to be similar.
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Here is another example of the data that we've obtained. I'm showing here a reference standard overlayed with a sample and there's very good agreement in terms of the relative percent of the various species between the two. Overall, we find that this method has excellent reproducibility from run to run with respect to our reference standard.
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Now, there are some instances where we don't get very good agreement, and this is an example of that. This sample came from a study from our upstream development group where they were evaluating a new clone and new supplement for a potential process, and there was great impact to the glycan profile.
The blue trace represents the reference and the red trace represents the modified condition. As you can see, we have a very dramatic shift in the glycan distribution.
[0:10:06]
What was important here was that this was done off of protein A pulled material that was isolated in a high throughput manner, and this approach has allowed our upstream development group to evaluate many more conditions than they were able to in the past.
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One thing I want to mention about this method is the need for efficient deglycosylation, and for measuring the relative percent of labeled glycans, everything relies on the efficiency of the release by PNGase, so it's important to know how good that actually is. What we were able to do in this situation was evaluate that deglycosylation with the Caliper Protein Assay.
On the insert, I have an overlay of a control-reduced antibody in the blue trace and the deglycosylated sample on the red. You can see on the heavy chain that we have a shift of approximately 2 kilodaltons, which is what you would expect from the contribution of the glycans to the heavy chain. This monitoring of deglycosylation may in fact be required based on the USP Draft Chapter on oligosaccharide analysis.
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There are some limitations to working on a lab-on-a-chip format, and that really is peak identification. One can make a tentative identification based on data provided by the manufacturer on human IgG glycans and standards, or you can take an experimental approach, and that is what we did here.
We first began by comparing our unknown peaks to standards. We compared our unknown peaks also to the peaks expected from MALDIToF-MS data. We essentially use this as a checklist. And then we proceeded to do exoglycosidase sequencing as an orthogonal technique.
Slide 18
Now, N-linked oligosaccharide sequencing historically is done on a single peak collected from HPLC or on a single excised band from phase. This approach begins with a PNGase digest of the antibody followed by an ethanol precipitation, and then a digest with exoglycosidase is as shown in the table. We performed those steps and then labeled with the Caliper ProfilerPro kit and analyzed with the GXII.
For molecules with a few species present, all species may actually be sequenced simultaneously, although the data interpretation can be challenging.
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Just to show you a schematic of what the digest looks like, we'll begin with our biantennary glycan here. I've indicated that the sialic acids however typically and the systems we work with as they're CHOexpressed, we don't see sialylation, but the sialidase would remove the sialic acids, then the digested sialidase and galactosidase removes the galactose. And then the next step, hexosaminidase removing GlcNAc, and then the final mannosidase digest reducing the glycan to the fucosylated core.
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So we first did this approach on a control, on a standard. We did this with a G2F standard and you'll see here, this is a gel view from the Caliper. Sialidase produces no change as expected. We see a shift then as we digest with galactosidase removing the galactose, then with the hexosaminidase removing the GlcNAc, and then mannosidase digesting down to fucosylated core. We also have a mannosidase digest on a MAN5 standard as a control.
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Now, we did the same experiment on our antibody. In our first step in the sequencing, addition of sialidase, we see no change in the profile in the electropherogram, which is as expected.
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In the second step when we add our galactosidase, we see the peaks at G2 and G1 collapse into the peak at G0, therefore confirming their identity as G2F and G1F.
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In the third step, we've added hexosaminidase and in this step, we see a shift in the G0F peak, which is as we expected. We also see the two small peaks that we had tentatively identified as G0F less GlcNAc and G0 shift in amount that is consistent with those structures.
[0:15:11]
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For the last step, we have added our mannosidase and in this case, we see the main peak shift completely down to a size consistent with a fucosylated core, but also, we see a small peak which we believed to be MAN5 that have persisted throughout other digest respond to this digest. This is MAN5, a 10.8 glucose unit, so we're able to confirm that identity as well. It is possible that some digests were incomplete in this process and that is why for two of the peaks, we had tentative identification.
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In summary, this method for us appears to be very reproducible and does offer a high throughput option for our process development samples. It definitely has the potential to be used as a release for stability assay. We do know that many biopharmaceutical companies are adopting this particular method using lab-on-a-chip. I will also mention that the USP Chapter 1084 on glycoprotein and glycan analysis does cite CE separation as an acceptable method. Thank you.
Sean Sanders: Great! Thank you so much, Ms. Peckham, for the great introduction.
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We're going to move right onto our second speaker for today, and that is Dr. I-Jane Chen.
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Dr. Chen earned her B.S. degree in Chemical Engineering from National Cheng-Kung University in Taiwan and a PhD in biomedical engineering from University of Tennessee Health Science Center where she studied electrochemical sensors in microfluidic systems. Her research interests include developing microfluidics-based diagnostic systems and point-ofcare devices.
In 2011, she joined the microfluidic team at Caliper Life Sciences/PerkinElmer where she has been part of a team that developed an array of microfluidic technologies including an automated sample-toanswer system, a system for sorting rare cells from blood for cancer diagnosis, and a number of capillary electrophoresis assays.
A very warm welcome to you, Dr. Chen.
Dr. I-Jane Chen: Thank you for having me on. Today, I'm going to talk about lab-on-a-chip capillary electrophoresis, and the application for the next generation high throughput protein characterization.
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I'm going to talk in a more engineering perspective, so I'm going to cover other topics including what is lab-on-a-chip and how the micro fabrication is done, and I'm going to talk about the surface properties and the electrokinetics. I'll be touching bases on how the sample injection and resolution are correlated. And last, I'll talk about the automated system and high throughput performance.
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What is lab-on-a-chip? Lab-on-a-chip is a technology that integrates one or several functions on a single chip, which is only a few square centimeters in size.
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It requires only very small sample and reagent volumes, and reaction time for complex analysis. It contains a network of micron-size channels, which drive samples from inlets through various compartments-such as heater, mixer, before solid phase extrac on-to sensors, to carry out functions such as sample preparation, separation, and reaction to offer qualitative and quantitative information.
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Similar to conventional capillary electrophoresis, LabChip platform also interfaces with pump high voltage power supply and optic modules. As opposed to regular CE, which has only one single channel, LabChip CE has a network of microchannels in a chip where protein samples are loaded, mixed with loading marker, scanned, destained, and detected.
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So the way of the microfabrication, there are many different types of materials you can choose from to make the LabChip platform.
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It all depends on the system's complexity and specific needs for its chemical, thermal, optical, or electrical properties, and of course, the cost of the fabrication. We choose quarts or optics-grade glass to make our chip due to their exceptional optical properties and easy to make. We use conventional photolithography to create channels, which literally are tiny grooves etched onto a flat glass surface at this point.
[0:20:01]
We then bring another piece of glass substrate over to form the ceiling and bind these two pieces under high pressure and temperature. Sippers are integrated at this point.
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So over here, you'll see a few images of some chips that's taken with SEM before and after the bonding. You can see that the surfaces of the channel are very smooth and the geometries are very well defined. The channels are about 10 micron wide, but it can be made much smaller than that. It depends on your needs.
In the cross-section of the bounded channel, you can see that there's a very, very good fusion between two glass substrates. You don't see any boundary at these two surfaces and the whole channel can resist a very, very high pressure caused by your pump.
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When you are talking about channels in a micron scale, the surface properties become very, very important and it has a huge impact on the behavior of the fluid.
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When the glass substrate is dry, it's a siloxane group on the outermost surface. As the glass is exposed in water, the hydration of glass converts the siloxane group into silanol groups. The protons of the silanol groups can dissociate and the glass surface will become charged. So the surface potential is strongly dependent on the pH value.
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Because of that, when you apply a voltage drop across the separation channel, the charged compound migrates to either anode or cathode under the influence of the electric field, which is called electrophoretic flow. Meanwhile, the electric double layer build-up near the capillary walls also creates flow that drives charged and non-charged compounds to move, which is called electroosmotic flow, and the electrokinetic flow is the sum of these two flows.
We know now that the EOS is highly dependent on the surface charge of the capillary, which is sensitive to the change of the pH and the combination of the surface. Extra care needs to be taken to keep the OS flow consistent in the LabChip system.
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Now, I would like to introduce how the sample is being injected into the system.
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As opposed to the CE, that moves capillary between buffer and sample, which is done either manually or can be done by an extra robotic arm, the conventional flow injection analysis system uses [0:22:48]
[Indiscernible] to introduce solutions into the analysis system. It functions as the crossroad of sample, buffer, separation, and waste. The position of the rotor determines whether the buffer or the sample would be delivered into the separation column.
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The LabChip platform inherits this idea and inputs a into the chip. The inlet of the microfluidic network, a cross junction, interfaces with sample, buffer, separation column, and waste. There are no moving parts in this module. This flow is driven either by hydrodynamic or electrokinetic force.
The first type of injection is called data injection. The sample solution flows into the junction and makes a 90-degree turn. A small extension is created in the separation column and a plug is broken away from the main bulk and travels toward downstream. A sample the size as small as 1 nanoliter can be delivered effortlessly using this setup.
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Another similar setup using a cross junction is called pinched injection. Sample travels across the junction then an extra force is applied across the stream and brings the plug down to the separation channel. The plug size is determined by the channel width and the current applied, but it can be as small as a few microns as opposed to tens of microns used in conventional CE.
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Here is a short plot of how the electrophoretic separation is done. After sample is injected into the separation channel, it's under the influence of electrokinetic forces. So we see a plug of sample mixture is brought into the separation channel. At time zero, the sample plug is very narrow and the signal peak is also narrow and strong.
[0:24:59]
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As it moves towards downstream, you start to see the difference between different compound migration speeds. The sample plug the signal peak gets broader and the signal is starting to drop.
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After a certain time, you start to see that the compounds are totally separated and the signal peaks get even broader and shorter.
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In electrophoresis, the resolution and the sensitivity are the two indicators determining how well the separation is performed.
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The resolution is to look at how the two peaks are separated from each other and how broad these two peaks are, so you want the peaks to be as far from each other as possible and as narrow as possible. However, the world is not perfect. As the sample migrates down, there's always some dispersion that occurs.
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So as the sample migrates toward downstream, there will be dispersion caused mainly by three factors, the injection, the detector, and the diffusion.
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As we write the equation to calculate the resolution, we can see that electrofields (its strength), channel length, mobility, deficient coefficient, injection and detector sites determining the resolution of the electrophoresis performance. LabChip benefits from using a cross junction and cutting down the injection width by several fold.
Because of that, our resolution is increased a whole lot, or if you want to keep equivalent resolution that is acquired in the traditional CE, we can afford to cut down the length of the channel. That's how we get to miniaturize the capillary from several, several centimeter to only a couple of centimeter.
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In this video, you are going to see a mixture of fluorescently label protein injected and separated in microchannel under electrokinetic flow.
A sample plug the size of about 15 microns is delivered into the cross junction and at this junction, sample form is about 10 microns size plug.
As the plug travels, you can see that separation channel; you can see that the plug gets broader and the light intensity gets lower. And before long, you see the two proteins separate from each other. Here it plays again, as you can see. It gets broader and you start to see two samples, two populations.
Slide 50
Next, I want to touch down on the automated system and high throughput performance.
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The workflow of LabChip is the sipper --the sipper is located on top of a regular 96 well plate or, it can be 384, and sample is sipped into the chip by hydrodynamic force.
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As the sample is being introduced into a chip from here, the lower marker is also brought into the channel and to see with the sample solution.
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While the sample and lower marker is traveling further, you see there's a staining happening in this direction.
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And then we applied an electrokinetic force towards this direction to bring the lower marker and stained protein sample over to the junction.
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So over here, you see that there's a separation; voltage is being applied across the separation channel and sample now from this tiny plug is traveling down toward this direction.
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As they travel down, you can see a sample population starting to separate from each other.
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And further down, you see at the destaining junction. This is where the sample comes down and they are two destain arms. The destain gel is brought in to see the sample to remove the free form fluorescent dye from the whole sample bulk.
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And then after the free form sample fluorescent dye, which was removed, the sample is brought down to an optical module and the laser induces fluorescence and the light intensity is later on recorded and analyzed at this point.
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Over here, we are showing some examples on the electropherogram of the detection of the reduced mAb.
[0:30:02]
In this system, you see the peaks of lower marker, light chain, nonglycosylated, and glycosylated heavy chain. Also, you see a very nice separation between the glycosylated and non-glycosylated chains.
Meanwhile, you see two big peaks over here and over here. There are two extra peaks. These are the staining and destaining peaks that occurs on the chip during a run, which is just the nature of how this assay works.
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The next example I wanted to show is the non-reduced mAb similar to the reduced mAb. You also see a glycosylated and non-glycosylated IgG, and then you have a heavy, heavy chain. You have heavy, light, and smaller fragments. Also, you see the lower marker destained and stained peaks.
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In a research that Amgen published back in 2008, Microchip CE-SDS was evaluated as a high throughput alternative to conventional CE-SDS for monitoring monoclonal antibody quality. They found that non-covalent fluorescent labeling method was about as sensitive as UV detection and the microchip separation was similar to that of the conventional CE.
It's providing reasonable resolution and the microchip analysis provides sufficient resolution and sensitivity on a time scale about 70 times faster than conventional CE. So if you look at the time scale to complete analysis on LabChip system, it takes about 30 seconds or so, and to complete in a regular CE is about 30 minutes or even longer.
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The system can be also used for low-level impurity detection. One percent of lysozyme was spiked into the sample to show the detection capability, so we have published the results that say that the detection limit is about 1 mg/mL, and the LQ to be about 3 mg/mL.
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A similar report was done by Amgen from the same paper. They have found that under both reduced and non-reduced condition and the microchip CE-SDS can be used in a variety of antibody product screening assays.
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So how simple is it? For this chip, you need to prepare staining and destaining gel, load the gel, and load the marker into the chip. For the sample prep, a regular denaturing process needs to be done. However, there's no dye cross-linking or staining is required. LabChip delivers the throughput of 40 seconds per sample. That is about 400 samples analysis within five hours.
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So with this very high throughput, within the process development, we know that there are various steps that require characterization and optimization.
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And so, in the development of drugs, many, many complicated matrices and conditions would be involved in order to append sample numbers for statistically significant analyses, systems for rapid purification, and analysis of recovered [0:33:56] [Indiscernible] are critical. High throughput capillary electrophoresis system meets these needs and would accelerate the entire process development.
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To conclude, the LabChip platform utilizes fluorescent label that offers very high sensitivity. The entire workflow is automated. It is very simple to use and it is very time efficient. With this platform, you're not going to see so many scientists working in the lab anymore. Instead, they'll be having coffee and brainstorming somewhere, or writing up their research paper to publish in Science. Thank you.
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Sean Sanders: Great! Thank you so much, Dr. Chen. Thank you to both of our speakers for the excellent presentations. We're going to move right on to questions submitted by our online viewers.
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Just a quick reminder to those watching us live, there's still an opportunity to submit your questions. Just click the "Ask a Question" button below the slide window and type your question to the message box and then click "OK". We do encourage you to submit questions to our expert speakers.
[0:35:03]
The first question, let me put this to you, Ms. Peckham, first. Reproducibility is still a fairly big issue these days especially when it comes to publications. What reproducibility do you see in your assays?
Ms. Niomi Peckham: Well, the assays that we use most extensively here, using microfluidics system are the Caliper protein assay and the glycan assay. Now, for the glycan assay, we have done some preliminary qualification and find that we have a reproducibility… let's say if we look at intermediate precision on a reference standard, we'll see an RSD of less than 15% for almost all of the forms except for the ones that are very close to the LOQ where it's somewhat higher.
In the case of the protein assay, we have done more extensive qualification on those and find we can have an RSD of usually less than 15%. Again, unless we're approaching the LOQ, it might be somewhat higher, but that is across multiple lots, chips, and analysts, that we're finding these to be very reproducible assays.
Sean Sanders: Excellent. Dr. Chen, anything to add?
Dr. I-Jane Chen: Yeah. I certainly agree with Niomi. The standardization that we found also in our protein samples… we're finding that it's very, very consistent between run to run.
Sean Sanders: Excellent. Let me stay with you, Dr. Chen, the question asking about aggregation. Is this a problem in these microfluidics systems since the channels are so small?
Dr. I-Jane Chen: What we found as a challenging part is when we're analyzing crude cell samples. There are certain challenges we have to face or avoid because when you're just lysing your cells, there are a lot of much bigger particles that you don't expect, so a proper sample handling process is strongly recommended to avoid this problem. Otherwise, the channel itself is five to ten times bigger than the protein to be analyzed, so there's really not such worry.
Sean Sanders: Great. Ms. Peckham, a question for you. This viewer asks if you did any peak identification using mass spec to compare the data that you're getting from the chip.
Ms. Niomi Peckham: Well, yes. Indirectly, yes. The same samples had been analyzed by mass spec and I did have the species that were identified to use as essentially a checklist for the work that I did, but unfortunately, the one drawback here with microfluidics is I can't isolate a specific peak, but working in the other direction going from the intact sample, looking at the species detected, I was able to detect almost all of the species and confirm their identity with the lab-on-a-chip.
Sean Sanders: Great. Actually another comparison question that asks about whether any of these assays were compared with HPLC methods.
Ms. Niomi Peckham: Yes. I can tell you that the glycan method, we have a 2AB-labeling method in place for the same molecule that I've showed you data for today. I can say that the Caliper method does show superior sensitivity. The resolution is in some cases better, in some cases not quite as good depending on these species.
Most importantly, it is significantly faster. It will take approximately three days to process the sample doing the traditional 2AB labeling and HPLC separation, whereas it would only take six hours with the Caliper system.
Sean Sanders: Excellent. Dr. Chen, do you have any comments on comparable methods or orthogonal methods to compare these assays?
Dr. I-Jane Chen: Well, the workflow of protein and glycan is totally different, although they are sharing similar chip design and the concept is similar, and so we are working on achieving a better resolution, but we're working still on that.
Sean Sanders: Great. I'm going to stay with you, Dr. Chen, for a question about sensitivity. This viewer says, "You mentioned that the sample injection volume is very small with the microfluidics system. How does this impact the sensitivity of detection and what concentration of protein is necessary for analysis?"
Dr. I-Jane Chen: That's a great question. The LabChip system is utilizing a laser-induced fluorescence.
[0:40:02]
And so, you are naturally benefitting from a much higher sensitivity compared with a traditional CE, which is using UV, although we are using much smaller sample volumes. We don't actually sacrifice our detection limit, so we have very comparable sensitivity in this sense.
Sean Sanders: Right. Ms. Peckham, are you seeing the same thing with your sensitivity?
Ms. Niomi Peckham: We are using the protein assay and we are using that in effect to replace SDS page, and we find the sensitivity to be greater than we do for SDS page. It has superior linearity as well. Dr. I-Jane Chen: I'm sorry. I'm not understanding the question.
Sean Sanders: Is the analysis of post-translational modifications of antibodies, is this available as a service or is this something that somebody would need to buy as an instrument for their lab?
Dr. I-Jane Chen:
We don't have that service at this moment.
Sean Sanders: Okay. Good, I think they were probably just wondering if they needed to purchase an instrument or not.
Let me come to this question for Ms. Peckham. You mentioned that the analysis was developed for analyzing monoclonal antibody glycan structures. Is this limited to neutral glycans and have any commercial proteins been characterized such as alkaline phosphatase?
Ms. Niomi Peckham: That's a very good question. The method really was designed with neutral glycans in mind. If you do run sialylated species, they will no longer migrate really based on size, but charge will have an effect. Now, that can be overcome by doing a brief sialidase digest prior to analysis, and that's something we have done here.
I have used this glycan system on a couple of fusion proteins and for some fusion proteins, it's going to be very appropriate and some it won't. It really depends on how heavily glycosylated and how heavily sialylated your protein is, but it's certainly worth a try, as to any specifically, commercially-available non-mAbs, that I'm not aware of.
Sean Sanders: Excellent. Dr. Chen, coming back to you, this viewer is asking about sample preparation. How important is this and how do you prepare your samples for analysis?
Dr. I-Jane Chen: Okay. The sample prep is very, very easy. There are two workflows that we propose to the customers. One is using a much lower sample volume, which is 2 mL for each sample. And for antibody, we usually recommend to use 5 mL on workflow. You can either use manual pipetting or you can use liquid handling.
The comparability is you can work either on 96 well plate or a 384 well plate. So if you are mixing your sample buffer with either reduced or nonreduced reagents and then you spike your sample in, you bring it to denaturing on your thermocycler, and spike in with water, and then you're ready to go.
Sean Sanders: Great. Ms. Peckham, any comments or advice on sample prep?
Ms. Niomi Peckham: Well, we also have liquid handlers in use for some assays and alternatively just do manual pipetting, but I will stress accuracy of pipetting is very important and I can't underscore the impact that it can make in your assay, so pipette carefully, pipette well.
Dr. I-Jane Chen: Exactly.
Sean Sanders: Perfect. Dr. Chen, can you talk a little bit more about protein staining and destaining, and how this works?
Dr. I-Jane Chen: That's a great question. I was waiting for that. The protein that we're staining is using --we have a fluorescent dye, which is encapsulated in SDS in a form of a micelle. The dye micelle existing in a gel naturally. That's why when you see the workflow, you see the dye has to be mixed into the gel and then loaded into the chip.
[0:44:59]
Once the sample is brought into the microchannel that the sample is exposed to the environment where there are many, many dye micelles, naturally the SDS is going to find the hydrophobic region of the protein sample. And then along with the dye, it's going to be anchored on the protein.
The nature of the dye is very interesting. It's pretty much like a DAPI dye. It's much more brighter when it's only anchored onto the protein surface, and it doesn't really have any color when it's just a free-form in the gel itself, so this is how it's being stained.
For destaining, as you remember, we have the two destaining arms coming in to see the sample flow. What happens over there is the destain solution actually does not have SDS, so it's actually creating a concentration gradient. So as there are more and more SDS micelles to migrate to the destain stream, you are actually decreasing the background more and more. That's how you distinguish the sample from the background.
Sean Sanders: Perfect. Actually, we just got a question in a couple of minutes ago related to destaining and they're asking what are the recommended dyes in your platform that can both limit the oversaturation frontloading peak and at the same time, achieve 100% staining.
Dr. I-Jane Chen: That's another very good question that we're working really hard on. The dye we're using is a proprietary dye, and we have a vendor that's making the dye specifically only for us. The main reason of the dye oversaturation and the picking up the samples 100%, it's a very, very tricky spot that you had to find.
As I mentioned, the dye micelle is actually anchoring down the hydrophobic region of the sample. It has a certain dependence on the sample type as well. At this moment, we find very good, 100% labeling even at low concentration by changing the dye micelle concentration in a gel, but there's much more we're working on now.
Sean Sanders: Ms. Peckham, there was a dye question that was actually directed at you shortly after your presentation. This person asks, "How is the user assured that no protein or peptide fragments are fluorescently labeled by reductive amination and find their way into the analysis and the electropherogram?
Ms. Niomi Peckham: Well, I believe that the actual chemistry behind this labeling is very specific just to glycan.
Sean Sanders: Good… Excellent. I'll get back to you, Dr. Chen, with a question that just came in. Is there any tech note that you can provide for dye staining to help understand the intricacies of the process?
Dr. I-Jane Chen: Well, I think one thing I really want to emphasize is the dye. It comes in SDS, and SDS micelles forms at around 22 degrees Celsius and below that is a crystallized formation. So if you make sure that you thaw your dye prior to your experiment really properly and then you vortex it, making the whole system really homogenous, I think you shouldn't have too much of a hard time working with the dye. Ms. Niomi Peckham: I just can't remember which product it is.
Dr. I-Jane Chen: I don't know either.
[0:50:05]
Ms. Niomi Peckham: But I know that there has been so far one approved, and I suspect it's the first of many.
Dr. I-Jane Chen: I hope so.
Sean Sanders: Dr. Chen, let me come to you with another question. Is there an electrostatic effect that would limit the representation of small sample sizes, on a nanoliter scale?
Dr. I-Jane Chen: I would assume the electrostatic is referring to stacking effect. I'm not sure --if that's the case, I can answer that. We've thought about the stacking issue. If you remember after the sample is brought in to see the lower marker is going to a channel that I claimed when the sample is being destained?
At that point, it's done by hydrodynamic flow, which is a vacuum pump downstream. After that part is done, we apply a short time duration with plug of the sample to drive the sample toward the cross junction. So we try to match the conductivity of the gel and the conductance of the solution, of the sample solution itself. Ms. Niomi Peckham: Well, it is only for glycans, but definitely not just for antibodies. It could be used for a fusion protein that's glycosylated, but to be specific, it's Nlinked glycan.
If we could get into removal of the O-linked and labeling, then I think potentially it can be applied there as well, but there's some development that would need to be done around that.
Sean Sanders:
We're going to just squeeze a couple of final questions in before we reach the end of the webinar. This one is a question that goes out to both of you, and maybe we'll start with you, Ms. Peckham.
With more sensitivity and high resolution in this system, there's the challenge of adjusting the detection limit or sample load to satisfy what this person refers to as release criteria. Do you have any thoughts on that?
Ms. Niomi Peckham: Well, I think what's key is first establishing linearity, so you need to establish what the true linear range of your assay is for your particular protein because every protein will stain very slightly differently.
Once you establish that and then you look at the repeatability at each level, then you can set what your limit of detection is going to be, but I think in working on that, looking at adjusting a limit of detection, limit of quantitation, you must begin by understanding the true linearity.
Sean Sanders: Okay. Dr. Chen?
Dr. I-Jane Chen: That's a very, very good point, I think. Another thing I actually wanted to say to Niomi before that is when you're preparing a sample, you really need to have very good consistency because you're talking about just a few microliters or even less than that, and then in your sample buffer, there's the SDS that creates bubble very easily, and I found that manual error can occur very easily.
And for the linearity, I think we're working really hard making the linearity to be much, much better especially at the lower concentration range.
[0:55:08]
So again, it goes back to the staining and destaining protocols. I'm pretty sure that very soon, we're going to have a very good assay that is suitable for the QC domain.
Sean Sanders: Perfect! Ms. Peckham, a question that just came in. The viewer says that it seems to her that the N-glycan profile on the LabChip does not include the non-fucosylated G0/G1 species. Are they not resolved well from the G0F, G1F, and G2F?
Ms. Niomi Peckham: Well, I think they are resolved well. We just don't happen to have worked with those because they are in very low abundance in our expression system, but I think they resolve very well, possibly the G0 --well, you could even see the G0, G0F do resolve, although it's not quite baseline.
Sean Sanders: Perfect. Well, we are unfortunately out of time. I just want to send a note to Amy who sent in that question that the slides are available in the resources link just under the slide window, so click that and then just click on the event slide, and you can download them.
We've reached the end of our time for this webinar, so on behalf of myself and our viewing audience, I want to thank our speakers very much for being with us today, Ms. Niomi Peckham from Alexion Pharmaceuticals and Dr. I-Jane Chen from PerkinElmer.
Please go to the URL at the bottom of your slide viewer now to learn more about resources related to today's discussion and look out for more webinars from Science available at webinar.sciencemag.org.
This particular webinar will be made available to you again as an ondemand presentation within about 48 hours from now. We're interested
